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© Semiconductive ceramic composition. 



© A semiconductive ceramic composition for a re- 
duction reoxidation type semiconductive ceramic ca- 
pacitor capable of increasing capacitor, dielectric 
strength of the capacitor and improving temperature 
characteristics of the capacitor. The composition in- 
cludes a BaTi03 base component and a minor com- 
ponent consisting of Nb and Ce. Nb and Ce are 
present in amounts of 02 to 3.0 mol% on Nb20s and 
^Ce02 bases. Addition of Co and the like increases 
^insulation resistance and D.C. breakdown voltage of 
the capacitor and further improves temperature cha- 
racteristics of the capacrtor. 
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SEMICONDUCTIVE CERAMIC COMPOSITION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a semiconductive ce- 
ramic composition for a semiconductive ceramic 
capacitor, and more particularly to a semiconduc- 
tive ceramic composition suitable for use for manu- 
facturing of a reduction and reoxidation type semi- 
conductive ceramic capacitor. 



Description of the Prior Art 

A semiconductive ceramic capacitor serving as 
a passive electronic circuit element is generally 
classified into two types or a boundary-layer type 
and a surface-layer type. The boundary-layer type 
semiconductive ceramic capacitor includes a 
boundary insulation type one and the surface-layer 
type semiconductive ceramic capacitor includes a 
barrier-layer type one and a reduction reoxidation 
type one. 

The semiconductive ceramic capacitor, particu- 
larly, reduction reoxidation type semiconductive ce- 
ramic capacitor generally has a disadvantage that 
an increase in unit area capacity expressed at 
uF/cm 2 causes a significant decrease in breakdown 
voltage, resulting in an increase in dielectric loss 
and/or deterioration of temperature characteristics. 



SUMMARY OF THE INVENTION 

The present invention has been made in view 
of the foregoing disadvantage of the prior art! 

Accordingly, it is an object of the present in- 
vention to provide a semiconductive ceramic com- 
position for a semiconductive ceramic capacitor 
which is capable of causing the capacitor to exhibit 
not only increased unit area capacity but increased 
dielectric strength and excellent temperature char- 
acteristics. 

it is another object of the present invention to 
provide a semiconductive ceramic composition for 
a semiconductive ceramic capacitor which is ca- 
pable of improving insulation resistance and D.C. 
breakdown voltage of the capacitor. 



It is a further object of the present invention to 
provide a semiconductive ceramic composition for 
a reduction reoxidation type semiconductive ce- ^ 
ramie capacitor which is capable of causing the I 
5 capacitor to exhibit not oniy increased unit area 
capacity but increased dielectric strength and ex- m 
celient temperature characteristics. 

It is still another object of the present invention 
to provide a semiconductive ceramic composition 
70 for a reduction reoxidation type semiconductive 
ceramic capacitor which is capable of improving 
insulation resistance and D.C. breakdown voltage of 
the capacitor. 

In accordance with the present invention, a 
75 semiconductive ceramic composition is provided. 
The composition comprises a BaTi03 base compo- 
nent and a minor component comprising Nb and 
Ce. Nb and Ce are present at 0.2 to 3.0 mol% on 
Nb20s and Ce02 bases, respectively. 
20 In accordance with the present invention, a 

semiconductive ceramic composition is also pro- 
vided which comprises a BaTi03 base component, 
a minor component comprising Nb and Ce, and an 
additive component comprising Co, Mn, Si02 and 
25 SrTi03. Nb and Ce are present at 0.2 to 3.0 mol% 
on Nb20s and Ce02 bases, respectively. Co and Mn 
are present at 0.8 wt% or less and 0.25 wt% or 
less on C03O4 and MnC03 bases, respectively. Si02 
and SrTi03 are present in amounts of 0.25 wt% or 
30 less and 0.5 to 20.0 wt%. The additive component 
may comprise Co, Mn, SiOa and CaTiCh, wherein 
Co, Mn and Si02 may be present in the same 
amounts as described above. CaTi03 may be 
present at 0.2 to 15.0 wt%. Alternatively, the ad- 
35 ditive component may comprise Co, Mn, Si02 and 
Y. Co, Mn and Si02 may be present in the same 
amounts as described above. Y may be present at 
0.1 to 3.0 wt% on a Y2O3 basis. 

40 ■ 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a semicon- 
ductive ceramic composition for a semiconductive 

45 ceramic capacitor, particularly, a reduction reox- 
idation type semiconductive ceramic capacitor 
which comprises a BaTi03 base component and a 
minor component comprising Nb and Ce. The term 
"minor component" used herein indicates an es- 

50 sential component smaller in quantity than the base 
component. Nb and Ce constituting the minor com- 
ponent are pr s nt in amounts of 0.2 to 3.0 wt% 
based on Nb&s and CeCfe bases, respectively. It 
was found that use of the composition of such 
construction for a semiconductive ceramic capaci- 
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tor, particularly, a reduction and reoxidation type 
one causes the capacitor to be significantly in- 
creased in capacity and dielectric strength and 
effectively exhibit good temperature characteristics. 
The composition may also contain Co in an amount 
of 0.8 wt% or less on a C03O4 basis". Such addition 
of Co significantly improves insulation resistance 
and D.C. breakdown voltage of the capacitor and 
causes it to exhibit more temperature characteris- 
tics. Further, the composition may contain Mn in an 
amount of 0.25 wt% or less on a MnC©3 basis. In 
addition, it may contain Si02 in an amount of 0.25 
wt% or less, incorporation of Mn and Si02 further 
promotes the above-noted advantage obtained due 
to addition of Co. 

The present invention is also directed to a 
semiconductive ceramic composition for a semi- 
conductive ceramic capacitor, particularly, a reduc- 
tion reoxidation type semiconductive ceramic ca- 
pacitor which comprises a BaTiOa base component, 
a minor component comprising Nb and Ce, and an 
additive component comprising Co, Mn, Si02 and 
SrTi03. Nb and Ce are present in amounts of 0.2 to 
3.0 moi% on Nb20s and Ce02 bases, respectively. 
Co and Mn are present in amounts of 0.8 wt% or 
less and 0.25 wt% or less on C03O4 and MnC03 
bases, respectively. Si02 and SrTiO^ are present in 
amounts of 0.25 wt% or less and 0.5 to 20.0 wt%, 
respectively. 

Use of the so-formulated composition for a 
semiconductive ceramic capacitor, particularly, a 
reduction and reoxidation type one likewise causes 
the capacitor to be substantially increased in ca- 
pacity and dielectric strength and positively exhibit 
good temperature characteristics. 

The composition may further contain Y, which 
may be present in an amount of 0.1 to 3.0 wt% on 
a Y2O3 basis. Addition of Y causes the capacitor to 
exhibit improved insulation resistance and D.C. 
breakdown voltage and more temperature char- 
acteristics. 

The present invention is further directed to a 
semiconductive ceramic composition for a semi- 
conductive ceramic capacitor, particularly, a reduc- 
tion reoxidation type semiconductive ceramic ca- 
pacitor which comprises a BaTiCfe base component 
a minor component comprising Nb and Ce, and an 
additive component comprising Co, Mn, SO2 and 
CaTiO*. Nb and Ce are present in amounts of 0.2 
to 3.0 moI% on Nb205 and Ce02 bases, respec- 
tively. Co and Mn are present in amounts of 0.8 
wt% or less and 0.25 wt% or less on C03O4 and 
MnCQ3 bases, respectively. Si02 and CaTiCh are 
present in amounts of 0.25 wt% or less and 02 to 
15.0 wt%, respectively. 
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Use of the so-formulated composition for a 
semiconductive ceramic capacitor, particularly, a 
reduction and reoxidation type one likewise causes 
the capacitor to be increased in capacity and di- 

s electric strength and exhibit good temperature 
characteristics. 

The composition may further contain Y, which 
may be present in an amount of 0.1 to 3.0 wt% on 
a Y2O3 basis. Addition of Y causes the capacitor to 

to exhibit improved insulation resistance and D.C. 
breakdown voltage and more temperature char- 
acteristics. 

Furthermore, the present invention is directed 
to a semiconductive ceramic composition for a 

75 semiconductive ceramic capacitor, particularly, a 
reduction reoxidation type semiconductive ceramic 
capacitor which comprises a BaTi03 base compo- 
nent, a minor component comprising Nb and Ce, 
and an additive component comprising Co, Mn, 

20 SO2 and Y. Nb and Ce are present in amounts of 
0.2 to 3.0 mol% on Nb2Qs and CeOz bases, respec- 
tively. Co and Mn are present in amounts of 0.8 
wt% or less and 0.25 wt% or less on C03O4 and 
MnC03 bases, respectively. Si02 is present, in an 

25 amount of 025 wt% or less and Y is present in an 
amount of 0.1 to 3.0 wt% on a Y2O3 basis. Use of 
the so-formulated composition for a semiconduc- 
tive ceramic capacitor, particularly, a reduction and 
reoxidation type one likewise causes the capacitor 

30 to be increased in capacity and dielectric strength 
and exhibit improved insulation resistance and D.C. 
breakdown voltage and good temperature char- 
acteristics. 

Each of the so-formulated semiconductive ce- 
35 ramie composition may be compacted into a semi- 
conductive ceramic element and sintered to cause 
a surface layer of the element to be insulated. 

The invention will be understood more readily 
with reference to the following examples, however, 
40 these examples are intended to illustrate the inven- 
tion and are not to be construed to limit the scope 
of the invention. 



45 Example 1 

BaC03, Ti0 2 , Nb^ Ce02, Co30^ MnC03 and 
Si02 each having an industrial grade were used as 
starting materials. The materials were weighed so 

so that each composition may be obtained which has 
a composition ratio as shown in Table 1. The 
materials were subjected to wet blending in a ball 
mill of synthetic resin using water and pebbles for 
20 hours while stirring to prepare a composition 

55 mixture. Then, the so-obtained mixture was de- 
watered and dried, and provisionally burned at 
1200°C for 2 hours. Subsequently, the mixture was 
powdered and blended for 20 hours by means of 
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the bail mill and then dewatered and dried, to 
which polyvinyl alcohol (PVA) in an amount of 2 
wt% was added as an organic binder to carry out 
granulation and grading to prepare granulated pow- 
der of the composition. The powder was then s 
formed into a disc-like compact orsemiconductive 
ceramic element of 10mm in diameter and 0.5mm 
in thickness at compacting pressure of about 3 
tons/cm 2 . The element was heat-treated at 800 °C 
for 1 hour to remove the binder therefrom and then io 
subjected to burning at about 1300°C for about 2 
hours. Then, it was subjected to reduction at 800°C 
for 2 hours in a stream of a reducing atmosphere 
(H2 atmosphere) to prepare a reduction reoxidation 
type semiconductive ceramic element, which was 75 
then heat-treated at 800°C for 2 hours in an oxidiz- 
ing atmosphere (air). This caused reoxidation of 
only a surface of the element, resulting in the 
surface being provided with an insulating property. 
Thereafter, an Ag paste was applied onto both 20 
surfaces of the semiconductive ceramic element by 
printing and then baked at 800°C to form elec- 
trodes, resulting in a reduction reoxidation type 
semiconductive ceramic capacitor. 

A test was then carried out to consider elec- 25 
trica! characteristics of the so-manufactured capaci- 
tor. The results were as shown in Table 1, wherein 
capacity and dielectric loss (tan 5) were measured 
at a frequency of 1kHz and insulation resistance 
was measured at a room temperature of 20 °C 30 
while applying D.C. voltage of 25V to the capacitor. 
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As can be seen from Table 1, specimen Nos. 
1, 2, 3, 10, 17, 23, 24, 25, 32, 40 and 44 are not 
included in the scope of the invention. More par- 
ticularly, Table 1 indicates that NbA in an amount s 
below 0.2 mol% or exceeding 3.0 rtfol% causes the 
capacitor to be decreased in unit area capacity C 
and increased in dielectric loss tan as well as 
decreased in insulation resistance IR and D.C.. 
breakdown voltage Vb (Specimen Nos. 1, 2, 3i 23, 10 
24 and 25). Also, it indicates that Ce0 2 below 0.2 
mol% causes the capacitor to be decreased in 
capacity and increased in dielectric loss; whereas 
when the amount of CeCfc is above 3.0 mol%, the 
capacitor is increased in dielectric loss and exhibits 75 
improper temperature characteristics (Specimen 
Nos. 1, 3, 10, 17, 23 and 25). C03O4 in an amount 
above 0.8 wt% and MnC03 above 0.25 wt% caus- 
ed the capacity to be decreased (Specimen No. 
32) and the D.C. breakdown voltage to be de- 20 
creased (Specimen No. 40), respectively. Further, 
Si02 exceeding 0.25 wt% led to a decrease in 
capacity, insulation resistance and D.C. breakdown 
voltage of the capacitor (Specimen No. 44). 

Thus, it will be noted that the semiconductive 25 
ceramic composition of the present invention effec- 
tively exhibits the above-noted advantages. 



Example 2 30 

Example 1 was substantially repeated except 
that BaCCb. TiO* NbaOs, CeCfe, C03O4 MnCOs, SiCfe 
SrC03 and Y203 in such amounts as shown in Table 
2 were used as starting materials. The results were 35 
as shown in Table 2. 
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Further, CaTi03 less than 02 wt% failed in a 
significant increase in capacity and D.C. breakdown 
voltage of the capacitor, whereas when CaTi(>3 
exceeds 15.0 wt% t the capacitor was decreased in 
capacity, increased in dielectric loss and exhibited 
improper temperature characteristics (Specimen 
Nos. 31,36, 42 and 46). 

Furthermore, Table 3 indicates that Y2O3 in an 
amount beiow 0.1 wt% fails in a significant in- 
crease of D.C. breakdown voltage of the capacitor 
and Y2O3 above 3.0 wt% decreases the capacity 
(Specimen Nos. 31, 37, 38. 39, 43. 47 and 48). 

Thus, it will be noted that the semiconductive 
ceramic composition of the present invention effec- 
tively exhibits the above-noted advantages. 



Example 4 

Example 1 was substantially repeated except 
that BaCOs, T1O2. NfcfeOs, CeOz, C03O4 MnCCh, SiOs 
and Y2O3 in such amounts as shown in Table 4 
were used as starting materials. The results were 
as shown in Table 4. 



Table 3 indicates that Nb20s in an amount 
below 02 moI% or exceeding 3.0 moi% causes the 
capacitor to be decreased in unit area capacity C 
and increased in dielectric loss tan 5. as well as 
decreased in insulation resistance IR and D.C. 
breakdown voltage Vb (Specimen Nos. 1, 2, 3, 17, 
18 and 19). Also, it indicates that CeCfe below 0.2 
mol% causes the capacitor to be decreased in 
capacity and increased in dielectric loss; whereas 
when the amount of Ce02 is above 3.0 moi%, the 
capacitor is increased in dielectric loss and exhibits 
improper temperature characteristics (Specimen 
Nos. 1, 3, 8, 13, 17 and 19). C03O4 in an amount 
above 0.8 wt% and MnCOj above 0.25 wt% caus- 
ed the capacity to be decreased (Specimen No. 
24) and the D.C. breakdown voltage to be de- 
creased (Specimen No. 27), respectively. Further, 
Si02 exceeding 025 wt% resulted in a decrease in 
capacity, insulation resistance and D.C. breakdown 
voltage of the capacitor (Specimen No. 30). 
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Table 4 indicates that NfeOs in an amount 
below 0.2 mol% or exceeding 3.0 mol% causes the 
capacitor to be decreased in unit area capacity C 
and increased in dielectric loss tan 5, as well as 
decreased in insulation resistance IR and D.C. 
breakdown voltage Vb (Specimen Nos. 1, 2, 3, 17, 
18 and 19). Also, it indicates that CeOr below 0.2 
mol% causes the capacitor to be decreased in 
capacity and increased in dielectric loss; whereas 
when the amount of CeCfc is above 3.0 mol%, the 
capacitor is increased in dielectric loss and exhibits 
improper temperature characteristics (Specimen 
Nos. 1, 3, 8. 13, 17 and 19). C03O4 in an amount 
above 0.8 wt% and MnCQj above 025 wt% caus- 
ed the capacity to be decreased (Specimen No. 
24) and the D.C. breakdown voltage to be de- 
creased (Specimen No. 27). Further, SiCfe exceed- 
ing 025 wt% led to a decrease in capacity, insula- 
tion resistance and D.C. breakdown voltage of the 
capacitor (Specimen No. 30). 
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Furthermore, Table 4 indicates that Y2O3 in an 
amount below 0.1 wt% fails in a significant in- 
crease of D.C. breakdown voltage of the capacitor 
and Y2O3 above 3.0 wt% decreases the capacity 
and increases the dielectric loss (Specimen Nos. 
31 and 35). 

Thus, it will be noted that the semiconductive 
ceramic composition of the present invention effec- 
tively exhibits the above-noted advantages. 

While the invention has been described with a 
certain degree of particularity with reference to the 
examples, obvious modifications and variations are 
possible in the light of the above teachings. It is 
therefore to be understood that within the scope of 
the appended claims, the invention may be prac- 
ticed otherwise than as specifically described. 



Claims 

1 . A semiconductive ceramic composition com- 
prising: 

a base component comprising BaTiOs; and 
a minor component comprising Nb and Ce; 
said Nb and Ce being present in amounts of 0.2 
to 3.0 mol% on NtfcOg and Ce02 bases, respec- 
tively. 

2. A semiconductive ceramic composition as 
defined in Claim 1 further comprising Co, said Co 
being present in an amount of 0.8 wt% or less on a 
C03O4 basis. 

3. A semiconductive ceramic composition as 
defined in Claim 2 further comprising Mn, said Mn 
being present in an amount of 025 wt% or less on 
a MnCCh basis. 

4. A semiconductive ceramic composition as 
defined in Claim 3 further comprising &O2, said 
Si02 being present in an amount of 025 wt% or 
less. 

5. A semiconductive ceramic composition as 
defined in Claim 1 further comprising an additive 
component comprising Co, Mn, SiCfc and SrTiO* 
said Co and Mn being present in amounts of 0.8 
wt% or less and 025 wt% or less on C03O4 and 
MnC03 bases, respectively, . and said Si02 and 
SrTiGj being present in amounts of 025 wt% or 
less and 0.5 to 20.0 wt%, respectively. 

6. A semiconductive ceramic composition as 
defined in Claim 5 further comprising Y, said Y 
being present in an amount of 0.1 to 3.0 wt% on a 
Y2O3 basis. 

7. A semiconductive ceramic composition as 
defined in Claim 1 further comprising an additive 
component comprising Co, Mn, SI02 and CaTiCh, 
said Co and Mn being present in amounts of 0.8 
wt% or less and 0.25 wt% or less on C03O4 and 
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Further, SrTi03 less than 0.5 wt% failed in a 
significant decrease in dielectric loss of the capaci- 
tor, whereas when SrTi03 exceeds 20.0 wt%, the 
capacitor failed to exhibit good temperature char- 
acteristics and was decreased in insulation resis- 
tance and D.C. breakdown voltage (Specimen Nos. 
31 , 36, 38, 39, 40, 43, 44, 47 and 49). 

.Furthermore, Table 2 indicates that Y2O3 in an 
amount below 0.1 wt% decreases D.C. breakdown 
voltage of the capacitor and Y2O3 above 3.0 wt% 
decreases the capacity (Specimen Nos. 37 and 
48). 

Thus, it will be noted that the semiconductive 
ceramic composition of the present invention effec- 
tively exhibits the above-noted advantages. 



Example 3 

Example 1 was substantially repeated except 
that BaC03, Ti02, Nb20s CeCfc. C03O4, MnCCb, Si0 2 . 
CaC03 and Y2O3 in such amounts as shown in 
Table 3 were used as starting materials. The re- 
sults were as shown in Table 3. 



Table 2 indicates that Nb20s in an amount 
below 0.2 mo% or exceeding 3.0 mol% causes the 
capacitor to be decreased in unit area capacity C 40 
and increased in dielectric loss tan 5, as well as 
decreased in insulation resistance IR and D.C. 
breakdown voltage Vb (Specimen Nos. 1, 2, 3, 17, 
18 and 19). Also, it indicates that Ce0 2 below 0.2 
mol% causes the capacitor to be decreased in - 45 
capacity and increased in dielectric loss; whereas 
when the amount of CeOt is above 3.0 mol%, the 
capacitor is increased in dielectric loss and exhibits 
improper temperature characteristics (Specimen 
Nos. 1, 3, 8, 13, 17 and 19). C03O4 in an amount 50 
above 0.8 wt% and MnCCb above 0.25 wt% caus- 
ed the capacity to be decreased (Specimen No. 
24) and the D.C. breakdown voltage to be de- 
creased (Specimen No. 27). Further, Si02 exceed- 
ing 025 wt% led to a decrease in capacity, insula- 55 
tion resistance and D.C. breakdown voltage of the 
capacitor (Specimen No. 30). 
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MnC03 bases, respectively, and said SiOa and 
CaTi03 being present in amounts of 025 wt% or 
less and 02 to 15.0 wt%, respectively. 

8. A semiconductive ceramic composition as 
defined in Claim 7 further comprising Y, said Y s 
being present in an amount of O.rto 3.0 wt% on a 
Y2O3 basis. 

9. A semiconductive ceramic composition as 
defined in Claim 2 further comprising an additive 
component comprising Co, Mn, Si02 and Y, said 10 
Co, Mn and Y being present in amounts of 0.8 wt% 

or less, 0.25 wt% or less and 0.1 to 3.0 wt% on 
C03O4, MnCOa and Y2O3 bases, respectively, and 
said SiOa being present in an amount of 0.25 wt% 
or less. 75 

10. A semiconductive ceramic composition as 
defined in any one of Claims 1 to 9, wherein said 
composition is compacted and sintered to cause a 
surface layer thereof to be insulated. 

11. A semiconductive ceramic composition 20 
comprising: 

a base component comprising BaTiOa; 

a minor component comprising Nb and Ce, said 
Nb and Ce being present in amounts of 0.2 to 3.0 
moi% on Nba03 and Ce02 bases, respectively; 25 
and 

an additive component comprising Co, Mn, S1O2 
and SrTi03, said Co and Mn being present in 
amounts of 0.8 wt% or less and. 025 wt% or less 
on Co30* and MnCQj bases, respectively, and said 30 
Si02 and SrTiQj being present in amounts of 025 
wt% or less and 0.5 to 20.0 wt% r respectively. 

12. A semiconductive ceramic composition 
comprising: 

a base component comprising BaTiC>3; 35 
a minor component comprising Nb and Ce, said 
Nb and Ce being present in amounts of 02 to 3.0 
mo!% on Nb2Q3 and CeQ2 bases, respectively; and 
an additive component comprising Co. Mn, Si02 
and CaTi03, said Co and Mn being present in ao 
amounts of 0.8 wt% or less and 025 wt% or less 
on C03O4 and MnC03 bases, respectively, and said 
SiOa and CaTi03 being present in amounts of 025 
wt% or less and 02 to 15.0 wt%, respectively. 

13. A semiconductive ceramic composition 45 
comprising: 

a base component comprising BaTi03; 

a minor component comprising Nb and Ce, said 
Nb and Ce being present in amounts of 02 to 3.0 
mol% on Nb203 and Ce02 bases, respectively; and 50 

an a'dditive component comprising Co P Mn, Si02 
and Y, said Co, Mn and Y being present in 
amounts of 0.8 wt% or less, 025 wt% or less and 
0.1 to 3.0 wt% on CosO^ MnCQj and Y2O3 bases, 
respectively, and. said SO2 being present in an 55 
amount of 025 wt% or less. 



